to force simple epithelial cells to increase K8 expression. We reported previously that transgenic mice containing the hk8 gene express the transgene in a tissue-specific, copy number-dependent fashion (19) . Here we show that the lines with the higher copy number present profound structural and functional alterations in their acinar cells, eventually leading to tissue destruction and adipose atrophy of the pancreas in aging animals. We conclude that the phenotype of these animals may be relevant to understanding the origin of inflammatory and neoplastic pathologies of the exocrine pancreas.
Methods
Genomic DNA and generation of transgenic mice. Construct HK8-12, containing the entire hk8 gene, is described in Casanova et al. (19) . Construct 3′∆HK8 was derived from construct HK8-12 by deleting a 2.6-kb XbaI-SalI fragment containing 3′ flanking sequences. DNA fragments were isolated and microinjected into C57BL/10 × BALB/c-F2 (construct HK8-12) or C57BL/6 × CBA-F2 (construct 3′∆HK8) mouse embryos, as described (19) . Eight transgenic lines (TGK8-1 to TGK8-8) were obtained for the first construct and 4 lines (TGK8-9 to TGK8-12) for the second. Lines TGK8-1 to TGK8-4 correspond to lines 1864, 1861, 1918, and 1865, respectively (19) . Copy number determinations were carried out as described (19) , except that hybridization signals were quantified by phosphorimaging. We observed no variation in the phenotype attributable to the different genetic backgrounds used.
Mice were housed in a facility with controlled temperature, humidity, and light/dark cycles, under standard conditions. Their sanitary status was strictly controlled for both internal and external parasites, as well as for bacterial and viral infections. They were weaned at 3 weeks of age. Nontransgenic littermates were used as controls.
Preparation and analysis of RNA. Total RNA from different tissues was purified by the acid phenol method (20) . K8 and K18 keratin transcripts were detected by Northern blot analysis of 10-15 µg of total RNA using random-primed, 32 P-labeled DNA probes. Probes for hk8 and mK8 were as described previously (19) . Mouse K18 was detected with a 1.0-kbp EcoRI-PstI fragment of the mouse K18 cDNA. As a loading control, the filters were stripped and rehybridized with a rat β-actin or a ribosomal 7S probe.
Histological and immunohistochemical analysis. For histology and immunohistochemical analysis, freshly collected tissues were fixed immediately in 10% formaldehyde or 70% ethanol, respectively, embedded in paraffin, sectioned, and stained with hematoxylin/eosin. The antibodies used were the rat mAb TROMA-1 (5), which recognizes mouse and human K8; LE61, a mouse mAb that recognizes mouse K18 (21) ; or CAM 5.2 (Sigma Chemical Co., St. Louis, Missouri, USA), a mouse mAb that recognizes human K8. Sections were incubated with a biotinylated anti-mouse or anti-rat antibody, and then with streptavidin conjugated to horseradish peroxidase (DAKO A/S, Glostrup, Denmark). Control immunostainings using the secondary antibody in the absence of the primary antibody were routinely performed. Antibody localization was determined using 3,3-diaminobenzidine (DAB) in PBS.
Enzymatic functional analysis. Fecal trypsin activity was determined as described by Fraser (22) . Feces were added to 180 µL sodium bicarbonate solution to bring the total to 200 µL, and then were placed on unprocessed autoradiographic film and incubated at 37°C for 1 hour. The film was then washed, and the level of gelatin emulsion degradation was measured by densitometry. Fecal fat content was stimated using the Sudan III semiquantitative-staining method (23) , with 8-week-old mice fed an olive oil-rich diet for 2 days. Sudan III was added to an extension of feces, and fat drops were counted by microscopy.
Electron microscopy analysis. Pancreata from 2-month-old control and TGK8-4 transgenic mice were fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.5) and postfixed in 1% osmium tetroxide prior to dehydration and embedding in Epon 812 resin. Semithin sections were stained with 1% toluidine blue for field selection. Ultrathin sections were stained with uranyl acetate and lead citrate.
Protein extraction and analysis by electrophoresis and immunoblotting. Keratins from tissues and cultured cells were isolated using high-salt extractions, as described (24) . Total proteins were isolated as described by Ku et al. (8) . Protein concentrations were determined using the protein assay from Bio-Rad Laboratories Inc. (Hercules, California, USA). Loading was also confirmed by Coomassie blue staining of duplicate gels. After electrophoresis in 8.5% SDS-PAGE gels, proteins were transferred to Immobilon-P membranes (Millipore Corp., Bedford, Massachusetts, USA). The membranes were incubated for 1 hour with rat mAb TROMA-1 (5), with M20 mouse anti-HK8 mAb (Sigma Chemical Co.), or with rabbit polyclonal anti-K18 anti- body 1589 (25) , followed by a peroxidase-coupled anti-rat, antimouse, or anti-rabbit IgG (Jackson ImmunoResearch Laboratories, West Grove, Pennsylvania, USA). Keratin bands were viewed using enhanced chemiluminescence (ECL; Amersham Life Sciences Inc., Arlington Heights, Illinois, USA).
In vivo proliferation and apoptosis studies. For in vivo proliferation assays, control and transgenic mice received an intraperitoneal injection of bromodeoxyuridine (BrdU; 120 mg/kg body weight) (Boehringer Mannheim GmbH, Mannheim, Germany) in 0.9% NaCl; animals were sacrificed 2 hours later. Pancreata were fixed in 70% ethanol for 72 hours, embedded in paraffin, sectioned, and sequentially incubated for 1 hour with an antiBrdU rat mAb (kindly provided by S. Mittnacht, Chester Beatty Laboratories, London, United Kingdom) and an FITClabeled secondary anti-rat antibody (Jackson ImmunoResearch Laboratories) to label S-phase cells.
Apoptotic cells were detected using different methods. (a) Terminal deoxynucleotidyl transferase-mediated dUTP nickend labeling (TUNEL) assays (Boehringer Mannheim GmbH) were performed following the manufacturer's instructions. (b) Analyses of hematoxylin/eosin-and toluidine blue-stained semithin sections from pancreata of 2-to 7-month-old mice were performed. Cells displaying nuclear and cytoplasmic condensation or nuclear/cellular fragmentation were considered apoptotic. (c) Nuclei of pancreas sections were stained as follows: ethanol-fixed histological preparations were deparaffinized, treated with RNase A (200 µg/mL) for 30 minutes at 37°C, washed, mounted with Micromount (Surgipath Canada Inc., Winnipeg, Manitoba, Canada) containing propidium iodide (PI; 50 µg/mL), and then examined by confocal microscopy. Cells with condensed chromatin or nuclear fragmentation were considered apoptotic. (d) DNA content was determined by flow cytometry. Nuclei were isolated by homogenizing pancreata in a buffer containing 10 mM Tris (pH 7.4), 10 mM NaCl, 3 mM Cl 2 Mg, 0.1 mM PMSF, and 5% NP40, followed by centrifugation at 400 g for 10 minutes. The nuclear pellet was resuspended, fixed in ethanol, treated with RNase A (200 µg/mL) citrate buffer, and stained with PI (50 µg/mL), according to Darzynkiewicz and Juan (26) . DNA content was analyzed in an Epics XL flow cytometer (Coulter Electronics Ltd., Hialeah, Florida, USA). For each analysis, a total of 10,000 nuclei were analyzed. Off-line analysis was done using the WinMDI version 2.7 software (a kind gift of J. Trotter, Scripps Research Institute, La Jolla, California, USA). Integrated and peak DNA signals were used for aggregate discrimination. To avoid cellular debris, events were gated out 1 log below the 2-N DNA peak. The number of BrdU-and TUNEL-positive cells were scored in a blind fashion by 2 persons.
Results
Generation of HK8 transgenic mice. We previously reported the generation of 4 transgenic lines (TGK8-1 to TGK8-4) that contain the unrearranged HK8-12 construct (Figure 1a) . As a result of further microinjections, we obtained 4 additional lines expressing this construct (TGK8-5 to TGK8-8) and 4 lines expressing construct 3′∆HK8-12 (TGK8-9 to TGK8-12; Figure 1a ). All these lines express human K8 (HK8) mRNA proportionally to the integrated transgene copy number and in a tissuespecific pattern similar to the endogenous mouse K8 (mK8) gene (ref. 19 and results not shown).
Mice carrying more than 17 transgene copies (hemizygous TGK8-4, TGK8-8, TGK8-12, and homozygous TGK8-11) had somewhat erect hair and reduced growth ( Figure 1b) ; their weight was approximately 70% that of nontransgenic littermates. The life span of these mice was normal, although we occasionally observed early mortality in some hemizygous animals. When hemizygous mice of lines TGK8-4 and TGK8-8 were mated, very few homozygous mice were born, and most of these died within a few days of birth. Unless otherwise specified, the results that follow were obtained in hemizygous animals from these 2 lines, the most extensively studied. HK8 transgenic mice have exocrine pancreas alterations. To determine the cause(s) underlying the dwarf phenotype, 8-week-old transgenic mice and nontransgenic littermates were dissected. The only remarkable macroscopic difference found was a dramatic reduction in the size of the transgenic pancreas, whose weight was only approximately 30% that of the nontransgenic mouse pancreas ( Figure 1c and results not shown).
Histological examination of the pancreas sections showed that the exocrine component was altered ( Figure  2 ). The abnormalities were more severe and occurred at an earlier age in line TGK8-4 than in line TGK8-8, although in adulthood (7 months) both lines developed the same lesions. The acini had lost their typical lobular organization of acinar cells, with the apical region oriented toward the central lumen ( Figure 2 , compare a and b). In addition, as a consequence of acinar cell redifferentiation, a large part of the acinar lobules were replaced by ductal cells, resulting in extensive areas of tubular complex appearance ( Figure 2 c; see also inset in Figure 3e ). Acinar cells were also observed showing dysplastic changes characterized by enlarged cellular and nuclear size, cellular pleomorphism, and loss of the basal nuclear polarity typical of normal acinar cells (Figure 2b ). The number of these cells increased with age (results not shown). Intra-and interlobular fibrosis was also seen (Figure 2, b and c) . Inflammation was present as diffuse mononuclear infiltrates in the conjunctive stroma of pancreata in young animals ( Figure 2 , b and c), a pathology reminiscent of human chronic pancreatitis. A progressive substitution of acinar epithelium by adipose tissue (adipose atrophy) was observed, as well as the presence of persistent focal infiltrates of mononuclear inflammatory cells around isolated interacinar ducts and blood vessels (Figure 2d ). Eosinophilic foci of acinar cells, considered a focal hyperplasia marker in rats (27) , were observed in the pancreata of phenotypic mice at this age (Figure 2d ).
To determine whether these histological abnormalities affected pancreatic function, we assayed fecal trypsin activity (22) and found that it was drastically reduced in transgenic mice (30-50 times in TGK8-8 and at least 100 times in TGK8-4 mice; results not shown). We also found abundant fat drops (steatorrhea) in feces of transgenic mice fed a fat-enriched diet, indicating fat malabsorption as a consequence of lipase deficiency. Together, these results show that HK8 mice have a severe pancreatic insufficiency.
Although loss of normal acinar architecture and dysplasia of the exocrine pancreas are characteristic of a preneoplastic state (28, 29), we have not observed pancreatic neoplasia in transgenic mice under 2 years of age. Only the exocrine pancreas seemed to be affected, because the islets of Langerhans and other simple epithelia, such as liver, lung, intestine, and stomach, showed no histological differences between control and transgenic mice.
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Figure 3
Analysis of HK8 protein and mRNA in transgenic mouse pancreas. (a) Western blot analysis of total protein extracts (10 µg) from pancreata of 6-week-old nontransgenic mice (Co), nonphenotypic transgenic mice (line TGK8-6), and phenotypic transgenic (line TGK8-4) mice. Triplicate gels were immunoblotted using anti-HK8 mAb M20 (top); rat mAb TROMA-1, which, under these conditions, recognizes mouse K8 strongly (double asterisk) and human K8 weakly (single asterisk) (middle); or the anti-K18 polyclonal antibody 1589 (bottom). (b) Northern blot analysis using 15 µg of total RNA from pancreata of 6-week-old animals bearing different hk8 transgene copy numbers. The filters were sequentially hybridized for HK8 (top), mK18 (middle), and 7S (bottom). Regarding the time at which pancreatic lesions appear, exocrine cells appeared normal both in 15.5-day postcoitum embryos and newborn transgenic mice, indicating that the changes described develop after birth. In TGK8-4 mice, histological anomalies were first detected in 2-week-old animals, when weight differences between control and transgenic mice also become apparent (not shown). At this time, pancreas abnormalities were limited to some disorganization of the acinar lobules. The acinarductal conversion was first detected in 3-week-old animals and was clearly present 1 week later. The adipose conversion took place only in adult animals (2-4 months old; results not shown).
To test whether dwarfism was hormonal in origin, we measured hypophyseal and thyroid hormone levels, because of their well-known implication in animal development and because of the HK8 expression in hypophyseal and thyroid glands. No statistically significant differences were found between control and transgenic mice in the amount of circulating T4, T4 and T3 in the liver or brain, or T4 and T3 contents in the thyroid gland, either incorporated into protein or ready for secretion ("free fraction"); nor were there differences in thyroid weight or in pituitary thyroid-stimulating hormone (TSH) or growth hormone (GH) contents (results not shown).
Pancreatic lesions correlate with increased keratin levels. Western blot analysis of total protein extracts (10 µg; Figure 3a) or enriched cytoskeletal fractions (results not shown) demonstrated that transgenic pancreata expressed human K8, because they contained a 42.5-kDa protein that reacted specifically with an anti-HK8 antibody (Figure 3a, top) and comigrated on SDS-PAGE gels with the band corresponding to HK8 from HeLa cells (result not shown). In line TGK8-4 pancreata, HK8 was strongly expressed, as compared with nonphenotypic transgenic mice (Figure  3a, top; compare the intensity of the band corresponding to TGK8-4 with that of TGK8-6. This radiograph was overexposed to show that control pancreata were completely negative for HK8). As a result of the presence of transgenic HK8, endogenous mK8 was concomitantly reduced or absent (Figure 3a, middle) , whereas, in contrast, the amount of mK18 (the partner of K8) was increased (Figure 3a, bottom) . Similar changes in the amount of pancreatic cytoskeletal proteins were also observed in Coomassie blue-stained gels of purified IF proteins (Figure 3c) . By densitometric analysis, the amount of K8/K18 was estimated to be approximately 3-fold higher in phenotypic mice than in nontransgenic or nonphenotypic transgenic mice.
We found that the increase in K18 also occurred at the mRNA level (Figure 3b ). In pancreata from mice progressively overexpressing transgenic HK8 mRNA (lines TGK8-3, TGK8-8, and TGK8-4; Figure 3b , top), the amount of mK18 mRNA increases concomitantly ( Figure  3b, middle) . A similar increase in mK18 mRNA was also found in liver, stomach, and thymus from these mice (results not shown).
The relationship between morphological changes and transgene expression at the cellular level was studied by immunohistochemical staining. Control pancreas sections stained with TROMA-1, which detects endogenous K8, gave a weak signal, localized mainly at the apical region of the acinar cells (Figure 3d ) and in ductal cells. Transgenic pancreas sections treated with the HK8-specific mAb CAM 5.2 showed strong, filamentous staining throughout the cytoplasm of acinar and ductal cells (Figure 3e) . Similarly, immunostaining experiments using the LE61 mAb showed that whereas mK18 is barely detected in the nontransgenic pancreas, a prominent mK18 signal was detected in acinar and ductal cells of transgenic mice (results not shown). Collectively, these biochemical and immunohistochemical results demonstrate a correlation between the alterations observed in transgenic mouse acinar cells and the presence in these cells of increased amounts of K8 and K18 keratins organized in a cytoskeleton dispersed throughout the cytoplasm, in contrast to the lower amounts and apical localization of these keratins in acinar cells from control animals. Acinar cells from transgenic pancreata show increased proliferation and apoptosis. DNA synthesis was measured in the pancreata of 2-to 7-month-old mice using an anti-BrdU antibody to estimate BrdU incorporation. The number of acinar cells synthesizing DNA was 7-11 times higher in transgenic mice (Table 1) . We also analyzed apoptosis in pancreas sections of 2-to 7-month-old control and transgenic mice (from both TGK8-4 and TGK8-8) by different methods. Using the TUNEL assay, we found that apoptosis was clearly increased in transgenic animals ( Table 2) . Similarly increased numbers of apoptotic cells were also detected in transgenic pancreas sections stained with hematoxylin/eosin (Figure 2 , b and c) and in semithin sections stained with toluidine blue (Figure 4, a and b) . A high proportion of acinar cells with fragmented or perinuclearly collapsed chromatin were also detected by confocal microscopy of PI-stained transgenic pancreas sections ( Figure 4, c and d) . Finally, we also determined the number of pancreas nuclei with hypodiploid DNA content using flow cytometry. In control animals, 2.46% of the total events counted had hypodiploid DNA, whereas this proportion increased to 35.03% and to 32.78% in TGK8-4 and TGK8-8 mice, respectively (Figure 4 , e and f; and data not shown).
These results show that, in addition to the alterations in differentiation, increased keratin expression also disturbs the processes of proliferation and apoptosis in acinar cells.
Ultrastructural studies. Normal acinar cells contain secretory granules (zymogen) concentrated at the apical region, as seen in toluidine blue-stained semithin sections (Figure 4a ). In contrast, acinar cells of pathological pancreata showed a larger number of zymogen granules dispersed throughout the cytoplasm (Figure 4b ). These results were corroborated by electron microscopy studies ( Figure 5, a and b) . These pictures also show that transgenic acinar cells frequently manifest nuclei that are fragmented or that have indented profiles and greater electron density than control nuclei, in conjunction with a swollen endoplasmic reticulum, characteristics of apoptotic cells. At higher magnifications, control acinar cells showed few IFs, and these were mainly anchored to desmosomes at the apical region of the cytoplasm (Figure 5c ). In contrast, transgenic acinar cells had abundant filament bundles of normal appearance, located not only at the secretory apical region but also dispersed throughout the cytoplasm ( Figure 5, d and e). These results corroborate the immunostaining data ( Figure 3 ) and demonstrate that the increased amounts of keratin IF, containing both the transgenic and the endogenous proteins, were properly assembled from a structural point of view, although the resultant cytoskeleton was more uniformly distributed throughout the cytoplasm than in normal cells.
Increased K8/K18 levels are also found in the altered exocrine pancreata of transgenic mice expressing a mutant TGF-β type II receptor. Analyses of the exocrine pancreata of transgenic mice expressing a dominant-negative mutant form of the TGF-β type II receptor, generated by Böttinger et al. (30) , showed that these animals manifest a pancreatic phenotype very similar to those described above, including reduced organ weight, acino-ductular metaplasia, fibrosis, and adipose replacement, as well as increased proliferation and apoptosis (30) . As observed in HK8 mice, these alterations also appear progressively with age in TGFβRII mice.
In view of these similarities, we asked if TGFβRII mice also have altered K8/K18 levels. Immunohistochemical analysis using anti-K8 and anti-K18 antibodies ( Figure  6 , a and b; and results not shown), as well as Western blots and Coomassie blue-stained gels (Figure 6c ), demonstrated elevated levels of these 2 keratins in the acinar cells of these mice. These data were indistinguishable from those found in the same cells of HK8 mice processed in parallel, both in terms of the homogeneity of cytoplasmic distribution and signal intensity (results not shown; compare Figures 3 and 6 ). These results show that TGF-β signaling and the amount of keratin K8 and K18 in acinar cells are related in a presently unknown manner, such that decreased signaling due to loss of receptor function leads to increased keratin levels. They also confirm that there is a correlation between the presence of elevated K8/K18 levels and the described type of acinar alterations.
Tissue specificity of the phenotype. The hk8 transgene follows the expression pattern of the endogenous mK8 (19) , although pathological changes were observed exclusively in the exocrine pancreas. To determine whether this is because of tissue-specific differences in transgene expression, we studied HK8 expression levels in the liver at the protein and mRNA level (Figure 3b and results not shown). The results obtained were similar to those shown in Figure 3 for the pancreas. From the biochemical point of view, therefore, there is no obvious explanation for the tissue specificity of the phenotype.
A similar phenomenon is also found in TGFβRII mice. Although these animals express comparably high levels of the dominant-negative receptor form in several simple epithelia, and TGF-β signaling was inhibited in the pancreas and liver, histological alterations were found only in acinar cells (30) . This coincidence reinforces the conclusion that in HK8 and TGFβRII mice, the phenotype is due to the increase in K8/K18. Given that the pancreas appears unaltered in K8-deficient mice (11) , this indicates a particular sensitivity of acinar cells to increased keratin levels, which could be relevant in the etiology of inflammatory and neoplastic diseases.
Discussion
Keratins play an essential role in regulation of growth and differentiation in the exocrine pancreas. We have demonstrated that HK8 expression in transgenic mice leads to increased keratin IF levels in simple epithelia and induces severe alterations of the exocrine pancreas, including dysplasia and dedifferentiation of acinar cells, ductal metaplasia, fibrosis, inflammation, and adipose conversion (Figure 2 ). These alterations appear progressively and are first detected in the second week of life, coinciding with the observed decrease in the growth rate of the transgenic mice at this age. Transgenic mice exhibiting a weak or moderate phenotype had very low fecal trypsin and lipase levels, suggesting that the smaller size of these animals has a nutritional basis due to pancreatic insufficiency. Nonetheless, normal amounts of amylase (detected both by Northern blot and immunohistochemical staining; data not shown) and zymogen granules (Figures 4 and 5) were found in these mice, indicating that synthesis of pancreatic enzymes is not substantially perturbed. Pancreatic insufficiency may thus be due to a defect in the processing and/or secretion of these granules, consistent with the observed anomalous distribution of zymogen granules, which are dispersed throughout the cytoplasm of transgenic acinar cells rather than being concentrated at the apical pole (Figures 4 and 5 ). Microtubules and microfilaments are reported to be involved in the polarized vesicular transport and the exocytosis of zymogen granules (31) (32) (33) (34) . Our results, which show a correlation between the loss of the apical localization of keratin filaments and the cytoplasmic dispersion of zymogen granules in transgenic acinar cells, suggest that simple epithelial keratins may also have a relevant function in these processes.
The physiological relevance of these results is reinforced by the finding that transgenic mice expressing a mutant form of the TGF-β type II receptor, which blocks signaling by all 3 TGF-β isoforms, develop a phenotype extremely similar, if not identical, to that of HK8 mice in their histopathological characteristics, time of onset, and tissue specificity (30) . From these animals, it has been concluded that TGF-β negatively controls growth of aci- and transgenic mice (which presented a moderate phenotype) were blotted with antibodies TROMA-1 (recognizing K8) and 1589 (recognizing K18). Note the increased level of these keratins in TGFβRII mice, also detected in Coomassie blue-stained gels of cytoskeletal fractions (bottom). nar cells and is essential for the maintenance of a differentiated acinar phenotype in the exocrine pancreas. We found that TGFβRII mice, exactly as HK8 mice, have elevated levels and homogeneous cytoplasmic distribution of K8/K18 in acinar cells ( Figure 6 ). These results strongly suggest that these keratins are involved in the TGF-β signaling mechanism, a possibility that we are presently investigating. The function of keratins has been largely unknown, although they have been related to providing resistance for cells (3, 4, 8) . We recently demonstrated that epidermal keratins K10 and K16 are involved in the control of cell proliferation and differentiation in vitro (35) ; the data presented here extend this function to simple keratins in vivo. This involvement is also supported by the observation that K8/K18 bind members of the 14-3-3 protein family (known to interact with a number of kinases and phosphates) and bind to the heat shock protein 70 (HSP-70), and a protein kinase Cε-related kinase (reviewed in ref. 7) . Implications for human disease: chronic pancreatitis and pancreatic cancer. There appears to be some consistency in the response of the pancreas to a variety of insults. Tubular complex formation, interstitial fibrosis, and mucoid cell metaplasia have all been associated, to some extent, with ductal obstruction-induced atrophy, adenocarcinoma, and chronic pancreatitis (36) (37) (38) . All these characteristics are present in HK8 mice. Aging HK8 mice show adipose atrophy of the pancreas and chronic inflammation, also present in human chronic pancreatitis. These animals, therefore, recapitulate many features characteristic of human chronic pancreatitis and may constitute a valuable model for this disease.
Our results may also have implications for pancreatic carcinogenesis. The morphological aspect of most exocrine pancreas cancers is reminiscent of ductal cells, as has long been recognized by pathologists (36, 39) , although ductal cells constitute a minor cell fraction in normal tissue. In addition, pancreatic cancer cells express differentiation markers characteristic of ductal cells (40) . When human exocrine pancreas cells are cultured in vitro, a phenotypic switch takes place from acinar to ductal characteristics (41) , which is reversible upon cessation of growth (42) . Because preneoplastic lesions have not been clearly identified in the human pancreas, considerable controversy exists on the acinar or ductal origin of pancreatic cancers (43) .
The first signs of anomaly in HK8 mice are loss of acinar architecture, acinar cell dysplasia, and increased proliferation, all characteristics of early neoplastic stages; they later undergo acino-ductal dedifferentiation. These features support the hypothesis that acinar cells are, in fact, the origin of pancreatic cancer and that they dedifferentiate to the ductal phenotype observed in most tumors during the carcinogenic process (43, 44) . Transgenic mice expressing oncogenes (c-myc and SV40 T antigen; refs. 28, 45) and growth factors (TGF-α; refs. [46] [47] [48] , or that are deficient in TGF-β signaling (30) in acinar cells, also reinforce this model. These characteristics suggest that the HK8 mouse pancreas could represent the early stages in the pathway to pancreatic neoplasia. That these lesions do not progress to neoplasia may be a consequence of the elevated apoptosis observed and an indication of the requirement for additional defects in other genes (e.g., p53) for carcinogenesis to proceed. Carcinogenesis experiments are currently under way, and the HK8 mice are being crossed with p53-null mice to test this hypothesis.
Other studies also suggest the relevance of keratins K8/K18 in carcinogenesis; for instance, these keratins are involved in aspects of tumorigenic cell behavior, such as cell migration and invasiveness (49) (50) (51) . It has also been reported that K8/K18 are induced by v-ras in transformed epidermal keratinocytes (52, 53) and that there is a positive correlation between the expression of these keratins and epidermal cell malignancy both in vitro (54) and in vivo (12, 13) . In transitional cell carcinoma, increased K8 and K18 levels have been detected at the tumor invasion front, and there is a relationship between the expression of these keratins and tumor malignancy (14, 15) . It is thus possible that, under certain circumstances, K8/K18 may provide a permissive cellular environment for induction of malignancy.
These data, together with those from our transgenic mice, suggest that a relationship exists between deregulated K8/K18 expression and disease, and that the elucidation of the cellular and molecular mechanisms by which HK8 mice develop pathological features in pancreatic acinar cells could contribute to our understanding of the etiology of inflammatory and neoplastic human diseases.
